F5% HY ] #% 5 % B % % Vol 5, No.2
2000 % 6 B Climatic and Environmental Research June 2000

" -

— P RREZREAST A
K26 5 WX R = HERR T R R
A OB ETHR @ EETR

CRERERASUREYERRMNESERTSLRSE, N 10009

M R BET - TZHOTRERBEER A BRI HIREL Eoler 88, -
AHEB R I AT THeA M, BUERE 1°% 1° MR |RHEE T T RN fEIMR
kA B SHE R A P B R SR A O 2 v 5 T M T A A T R R e B R AT T
fele, WIHBE THREEMIER R VPAB R R B,

XA W%, DD Buler R W
1 58

HEASERRE D, ATPURHEYRERAERT FERENBETRESAL.
HEE—ERAR, BTEETHEEE. BGHEANEH, & oFERiGEeE b
FUEES BB NS ESR. RADREE R SR BN S, 8
FEMTHEAMNHEMTRZFEEE. SR FREERRERE. A THEN
BT T ATE RSP R BRSO T A R s A
HTRE,

24 /pad 4 R TS BT B0 R TR 30 IR BRI B IR R M LR 60 BN RER T
ZxEY, HATILUER ARG BRRSR PN AR KA B 24
IR TR SRR BTHARE R XARMEREE TS, AS
RERHAESE, BEEBEEHEN. MRA AN TR ARNTE.

B 70 4R LIER, AT R A SR A TR SR B S S I R
EEWEHEEYE. ARNATRENBEAMLFABFBILTAR, SEREVES
TEAMKSHAE, LHARBRETTSREXHF ML, LT REEHRM
P TR ATEE Koox 2P, Pack 29, Eliassen”, Fisher®. Pietke P8y x&pig
BAT2EEM. FT7TRIESEHEE, EF T RREESNT S, It CAPTEX
(Cross—Appalachian Tracer Experiment) H ANATEX ( Across North America Tracer
Experiment} X%, SRRHSEVERBTASHEREY. BT owRg®. AN
X0 2 BT R A R A B Y SR AT R A MRS RE R, R
ST RMED B, MERE R, W3 -BTE R,

AXHENE. BE - RESWHEETHEATHENT 800 =4 Euler &

19980910 4 8|, 19990616 BB {E 85




28 B OB% I XAEEREEH RN KRR = AR 119

A. ZRAATE-KRKIRRRBRBUMER R oEimEY, # = R R
W B RE RS T RAE, MR - EEHEENRE R TR B SRR R

2 RBRHEHMAE

B Geerl HHiE, PE1974F6 5 17 HHF T - RSBAIEHKE. HYE
#1200~ 1000 kt TNT 38, #{1EHESDH 500 kt, Fi) 530N 100%. BF 1
S EPBUIE RS ML B RS TS Y

Co=37%10°'Q (Bq), (1}

Hi, Oo¥x4E (B4 ko). FEbh, ZREEBH 1O REEEE N 185
10™* Bq.

B FHREEN AR RS MG REEES D, 2980Tk, mBMOSELDH
RRg A 1°=<1°, EiESmSfl8nm FRFRT B EE, B RESS . H
A Euler #aiM8. BOMEGHMIGEHEBEE R BREEA, BIE Gitford" M 3 2
AT R R

a%:oé+-2KTL[}%'—(lue‘T’TL%*%{rfe‘T”TLf]s (2)
Heh, KRB 8RR, K~35x10° m* /s, T HRHBEHRERE, 7~ 10000
s. o~ L RIZEBHAIZAKFIFRERHON, REZREs, . BEVTEZLRSMGE
HHER. w4 S S EEEET 3 RS, B (95°E. 41°N) B, o, ~04°% F£ 1
FHBEEHN=EHES S, EREEHESCENEBS B Y EED (RE23. &
XHE, ZEEEETER TR R M, BRSNS RS - HERASNEE, BT R
EPEL.

F1 HHMZENERESH
BEER - km 5~6 | 6~7 | T~ | 8~9 | 9~10 | 10~12 12~14 ] 14~16 | 16~18 | 18~20

T

RS A Ak 1% \ 1% 1% 1% 1% 10% 20% 28% 20% 1 7%

H#L4% Nathans %9 2 b WHLEURES 07, BB FERE T 09 B 400 2 X 3E 540
o, EEFRER, =0.1um, JUTHFHEZRES=2, Bridgman %' %, MHHEE-
P RO S fn R FRYE 2 AR R E Y. B

AlP)dr= C A, (r)dr+ C, A, (r)dr, (3)

HA, AMrRam B v+ kDR TFHEERFENE ], A, CORFESE, 4,(6)
APEARAE, EEESBININR, + 20’ SFllR, + 310’ S, JUIRHEE RS, C,. C,
AWE. €, =032, C, =068, HTHRTFIRRESDN. ERHLEREFERRASGE
AFIGTEE ). B —R-F X B 89 A A - ol # 4 (3) LB

r R

a:J"Aumu {4)
R,



120 5 B 5 % & B %K 5

FEIRAABEFREEF SRS SRS MBI MEESE. MFR2WLUED: RE
<2pum KR F TR ESRAT 9S% U E, BRFEEEEMRM . EHREEREV, M
Beard' By EEY. BIRRFHEEY 2600ke - m'.

%1 AENMNTFEEASHHESER SRR N RREEE

BTERE um | 0.1~025 [0.25~05| 05~ 1~2 2~4 4-15 | 15-30 | 30~-60
MM EALE, /% | 265 36.5 25 7.2 086 [A04x107 (115 =107 596 %107
Feimes' 188 % 107642 > 107|218 » 107} 7,94 x 1074(3,02 x 107 | .08 % 1077 [4.06 x 107|157 = 107

3 Euler HiEfny #8z

31 ezt mEglt
Euler {5395k R0 — B Ak
&C £C cC A S oc ) iC
E’_+HE‘ + vF}—'f‘n 2 ﬁx [KVE:I-*-F_P[X@_}':I
a |:K i:q_c]_Rd_Wash _DC+S (SJ

FABEBREEREIRR. =4 Euler {534 TN

-

s é ¢ I
— O — v +— . . — (W,
e (AH + C;) Reosdtg (uAHC,) Reosdz (vcosAHC )+ o (W)

K, [aHEC" }L Ky [ ot &, ] A [K,,ECEJ
= E ) Y COSF——— — =
Rcos?8dp e R costél R ‘o { AH?g

— RJAH— W  AH— D AH+ SAH, (6)
HAp, CoNEF R AR T RAEB § BT HEE, WHEC,= F.Cp. i=1. L.
B, BEMEBHAEEENC, = 1O, (B{L: Ba/m'). ONEE (RAL ).

8. o FEIREGE. EE. RAMBER, K, K,. K, WEM. #HH. E£HKYE
FEC uw vHOKTFRIE. RyATIRET. W BEFERMA, D AEEET®, Sh
TR, MBI e R

o{, 0 )= RB, @)  -— h

H— hi0.p) AH )

Hep, MABATIRE, BP 25 km A o 5MERE, AH= H— h0.9) FHE
HizSEEW %

H = —

u ot CAH ch CAH .
Rcosd [_+J€(p J [aa+ 0 } @)

1B AT P AR R 19 1% W ERE N (80~ 130°E. 20~ 50°N).
FH2H 202, B0 01, 05,1, 1.5, 2. 3 4 5 6, 7. 8. 9. 10, 12, 14,
16. 18, 20. 22. 25km. HFRH 30000 4: A4 HFE S 20 min, Z4EL 5



28 B BY —AXSEERE SR KR R S R A 121

Pk, JuAr/ Ax< I, BAEREHN.
3.2 Finpgtig
EZRIER AR XY sU B P, MR EEHZ —, ERARKNS
BFF. HTES WRSHENER BNt EREHE. BRASET
MmERETE £, 7
RyAH= (V 4+ V,)C,. BRER, 9
RyAH=V 4, HARRR, (10}

K. RGAHFZUIHEE, V,  ARRTHEE. VA8 MREETE SR
(RAEMENE 2, BV, =0001m/s. CAFMRENFHRIHERE. SHtE
TR R Y

YWat+ VI, (Bq+m® -5 '),
i=1

33 RiEREE
#3197 B b Rl R B S = R R AR R, IR AT R R Xk

W= W, C. {an
WA W WORRIR, COHMOIRE, TRRIR SOV, 5 T

W, = 0338%%, (12)
K, RAMME.
4 iR

VFEEKEER T KRR B R e K PRNE AT RNRLE S, BT SeRs
FIRE, BRARIHRERTIT S, SR BRI, A
8 B R A A O (g

Ko= K,= 1.42x 10%°" 7 {m* / s),

He, -BEE. H=7km. #ABRELE 20 X ALSEZRBEZSSESIER Barr fl
Gifford" "% EH . BEXHD) EETFSFESRY
Ri.— Ri,
Ri,
K,= K, Riy= Ri,. (14)

K,= Ko+ Ps'? Riy, < Ri., {13}

Hop, 5= (%‘_—t) + (%) + 1077, Ri, ¥ 84k Richardson %, &R Richardson ¥

Ric=0.257TAY7, BRE&K/=40m, K,,=1.0m"/s. BFEEYPIEYHEDH
A ERRA SR EEEEE, BEt, R R TR E AU AT
HEA B ik,
15 MHHNRE

HTHSHERET. (R RS § R EISE N

Cﬁ:Cﬁg{fﬁ/{Q)iu, (15)



122 5 # 5 K B O R 53

56‘.3 H ‘1 )"‘ w- R
=t . T = . 16
b=, 'y C’%L 10 ' (162

Hep 1y N 1 min, HFEATEEYE, p=120
4 HR5iTiE

RAL EHAST S PR ET, TRMIRKE NCAR B 7R
PIRAELRE 17 REERN. SHEE. REMBE KPRy 250 X258
i TR 24 h, EIE DA R HURPIET) 19X 1° % o 1 b

A IRAETT 4 B A AU KRR EAT.  FHE AR 27 I AT LA 1R A T 1 R
ROy ISRy B fE 14km B, PEZEIBEOFIEAE T TNE (B
. B, BTRERK. 24 /NG RREEEE RO, RS
VTR RO T 2R,

G S SER{ENEN
AW S SR -
/ ol ,' Vo
% / / j km } \ !
. Jo——
/ . !
) i \
};’ / / { 3 Fibison
o, : =
K i ;} , 30N

. [ 3] ¥ =

£ { S~ L
°E 95°E 100°E 105°E 110°E 115°E 120°E 125°E

B EER% km EHRSRRBERATTERTER

B2 %1974 4E 6 H 17 B 150 hPa KK AR, fE 1 M ER. SPHER
SRifisE. ERITONHA AT, —BEAmdE, — R RIEERTERX
T A, L e AR e R B A 1 BB R,

B3, E 4R A S S RO R, FEREBLTP. BN B
15, W T E AR A . RSN RS, AR TR K.



bR ¥ ¥ P ROERIRAS U KIEE AN S SRR 123

407N

al

3NN

\___F___/
TN /

80°E 90°E I0PE  T10°E L3°E l40°E

Bz 197446 5 17 H 08 Bf3RTE 150 hPa HisRE

" Al - (bWl

. \>

h/ km

[
. ——————
el .

R S R S S o
0 100 200 300 400 500 ¢ 200 A0 600 OO 1000
¢

B3 1973446 A 17 B 188 195°E, 40°N} SR ImSE (o) FHEE (b

HRE R AR TREMR. Hik, aTRSE RN FRE TG EEEE TR PREEN
fEf. N TREEY BCRREEMER. BT/ FREMES SR T4
X HEnEE 8N EREE T IREIRTREER.



124 S % 5 F ¥ o % 5%

(il (h R

his km
T

10 [
Ll
)
s ‘
- !
A
!
0 1] I
0 02 04 06 08 10 i] 0.6 12 T4 74

B4 197446 A 18 B S I (L04°E, 15°N) HESHFETHENNE (a) FBHLE (b)

&

1 2 3 4 3 O 7 g 9

B S S T M A R R 1
o} M CHITHED D (b) AR (< R R0 B R I L R
WETIREEA (9) AHE. @S, Ao RETNHESMAETAERTNE 1+E
(B FAS fRDR A LR B AR ) R, b, SO 45 TR R M. WitEE



2 A BE P RKEH KRR IR R L = SRR B 125

B 6 755 HUTH AL S 09 0 et ] 28 4
(a) WA CHIRF(R): (b) BRI (o %8 RE B AT () 25 Tk )

RHOFEFEE. BT REEEMNY TARMKRS, HETUARERME. oLEL
WHEMEBEAREML. HPEMTEOTR. SR 78 4 XMS 8 KM s
BUR(H. WE-MRATR TR BRI A TR, TS S EY, WEYS
KB FREEN. XRH THLTMRFEGLRE. BTRRTHBER A5
[HRRH FR T #e. ERTTLIEERE 2~ 3 RO IR, A8 FHINREEE
B RN EERERE UM ELRARED, MR EEN. B
W EEREEEHimnd w0 &,

B 7 BiZ RS TE P E R A TR S K B, AR
Bl B BAIRT P E 46 A~ it o L0 S B i ORI B IR, R EF R R ENIET
Px1° ML BT RMAS SR, oSS S, H AU HER. =%
FIBH R LN EIROS T RABS A K, EREREM S WE 7, &8 Afra
PLE: SRR TR b0 A A U R B35, i B0 45 B 30T A0 725 161X
MEREAR. WHE2AAES, A RmRE TSR TS EE. & 14
km BEHZEA MR ER BT S LR XEETRERISMSE. M5
MR ZSHERT & ERESHGOSE. X —R0 b m et aE ks
.



| 5 % B O R

54

I0°NA

24°N;

80°E

90°E 100°E H0°E | 20°E

B 7 it B ] M T A T LR 5 3 BB B SR R MY

130°E

42°N4

36%M4

30°N

24°H

80°E

S0°F LOO°E 110°E 120°E

Bl B i o i O M B A A HE DR B 5 K R B BT LHELRLIR ¢ WA ()

1I0°E



L

B OBS: - MRUESR R R KB R R B = AR LR 127

5

#Hit

#l A =4t Euler XM ERHREHERA R UREMY 8 H3T &

ARMER: (1) Euler X A THMEE. FHEGHZKEESHZ ST AHR;
(2} WRIFSRAE B 75 Aoy, JUHCRE 3 B0 MM O R RA R AT HERR A, (3) R RIIEYL
SHETLRE D, SOl FRTIRR £ ER, WM EEREENRE AUERTR

i,

TR IERN, BWMN I EREREERLY IR (4) BT EREES

HRER=. MABEERERR. KSKAREOR@BIES. S0 FHHE L
MERSEY OB RN RN, [ RAEBEMRENTRE. ifERLRER
WEZHELAEER, ARENYHIRILTFRAESE. TERAAMASELEERLER
PR XBWEFTH—#0 THE.

ta

fad

tn

s £ X K

Glasstan, 8. Delan, P.. The Effecrs of Nuclear Weapons, 1.8, Depariment of Defense and ULS. Energy Research
and Development Admintstration, 1977,

Willis. I C.. The Hiscory af Fatlow Prediviion, United States Air Force, Air Forge Instituwte of Technalogy.
AD—A(079560, 1979,

Zannetti, P Air Polfwilon Meodeling—T heorics, Compwational Methods and Available Sofiware, 1990, 73~ 91,
Pielke, R. A, Reginal and Mesoscule Meteorological Modeling as Applied w Aw Qulity Studies. Aiv Pollution
Madeling and Its Application Y11, Edited by H, van Dop and D.G. Steyn. Plenum Press, New York, 1991,
Knox I B, and 1], Walten, 1978 Modelling Reginal to Global Air Poltution, Research and Development Re-
lated to Sulphates in the Atmosphere.

Pack. I} H. et al, Meteorology of long—runge transport, Afmos. Exviron., 1978, 12, 425~ 444,

Eliassen, A.. 19841, A review of leng—range (ransport modeling, /. of Appl. Mereor, 19, 1231~ 1240

Fisher, B. E. A A review of the processes and models of long-range transport of aw pollutants, A:mes.
Environ., 1993, 17, 1865~ 880,

Piclke. K. A et al. Reginal and mesoscale melecrological modeling as applied to air quality siudies, Air Poilw-
tion Modeling and Its Application ¥111, Edited by H. Van Dop and D.G. Steyn. Plenum Press. New York., 1991,
2349~ 289,

Heffter ). L. et al.. Long—range (CAPTEX) and complex terrain (ASCOT) perfluerocarbon tracer studies, Re-
gional and Long—Range Transport of Aiv Pollweion, 8. Sandroni (Ed.), 1986, 437~ 465,

Draxler, R.R., Querview and preliminacy results from the across lorth America tracer experiment (ANATEX),
Sixth Joint Conf, en Appl. of Air Pellution Meteor.. 1989, §2~ 83,

Lars—Erik De Geer, Chinese Almospheric Nuclear Explosion from a Swedish Horizon, Scope—Radtesl Work-
shap in Beijing, China 19-21 Oct, 1996,

TFEI. BEFMEME. Jbe: B TAENAH. 1988,

Gifford. F. A, Herizomal diffusion in the atmosphere: a lagrangian—dynamical theory, Aumos. Envir., 1982, 16,
305~ 512,

Mathans M. W, et al.. Particle size distribution in clouds from nuclear aw burst, J. Geaplirs. Rex., 1970, 75, 75359
—~ 75372

Bridgman C. ). and Bigelow W, 5. A New Fallout Predwction Model, Healrfi Pinsics, 1982, 43, 205~ 218,

Beard K. ¥.. Terminal velocity and shape of cloud and precipitation drops alafl. /. Aones. Sei, 1976, 33, 881~
864,

Wang Zita, Huang Meivuan et al,, Sulfur disteibution and transport studies in Eust Asia vsing Eulertan model.



128 S % 5 B @& o % 5%

Advances in Armospheric Sciences, 1996, 13(3), 399~ 309,

1% B4 #H). TUSREFBRIENSEML. XSBE 1992, 16, 622631,

20 Zheng Y3, Study on horizental diffusion in troposphere and low steatosphere, Advances in Atmospheric Sciences,
000, 171}, 93~ 102,

2l Barr 8., Gifford F. A, The random force theory applied ta regional scale tropospheric diffusion, Armos.
Enviren,, 987 21, 737~ 1741,

22 BFE. Chang LS. —TEOHNHEWECRER. g4k, 1993, 51,75~ 86

23 Anthes, R. A et al, Description of the Penn State ” WCAR mesoscale model version 4 (MM4),
NCAR ~ TN—282+5TR. NCAR Technical Nete, Mav 1987 1 ~ 66,

24 heepe s S www,sed ucar.edu £ dss < pub < reanalysis / index. html

A 3—Dimension Euler Model for Long—Range Transportation of
Atmospheric Nuclear Explosion Test Radioactive Debris

Zheng Yi, Wang Zifa and Huang Meiyuan
Srate Key Laberaterr of Armospheric Bowundarr Layer Physies and Atmospheric Chenisiry,

Institure of Avmospieric Physicy, Chinese Academy of Sciences, Beijing 100029}

Abstract A three—dimensional long—range Eulerian transport and diffusion model for nuclear test
debris clouds in the atmosphere was developed. The source was pretreated by a pufl madel to (it with 1°
* 1% horizontal grid cells, Dry deposition, vertical diffusion, washout and radicactive decay were con-
sidered. The model was validated by comparison with a nuclear test fallout data of China. Modelling re-

sults are in good agreement with measurement,

Key words: transportation: diffusion; Euler model; radioactivity



